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Processes of association of nitrogen-containing (meth) acrylic monomers in aqueous solutions were examined. The effect of monomer association on the processes of homo-and copolymerisation of the given compounds was shown.
The present review examines different aspects of processes of association of the most well-known nitrogen-containing (meth)acrylic monomers (NMMs) in water and the effect of these processes on the homo-and copolymerisation of the given compounds. It must be mentioned straight away that so-called surface-active NMMs (containing a salt group and a C 9 or higher hydrocarbon fragment), which are in fact classical surfactants, are not included in this review. Features of the micelle formation and polymerisation of these compounds have been well studied and generalised in earlier reviews [1, 2] . Table 1 presents the formulae and nomenclature of the main monomers discussed in the present work. Many aspects of the homo-and copolymerisation of these compounds in aqueous solutions have been studied in detail -a number of monographs and reviews devoted both to the effect of different factors on the indicated processes and to features of the polymerisation of the individual monomers (for example, AA and AMPSK and DMAEM salts) have been published [3] [4] [5] [6] [7] [8] . It is known that the kinetics of homogeneous radical polymerisation of NMMs is influenced appreciably by the structure of the monomers, the pH and ionic strength of the solutions (especially in the case of ionogenic monomers), the presence in the system of complexing components, and so on.
The effect of the initial monomer concentration has received much less attention, although, as will be shown below, the analysis of published data has made it possible to identify a number of studies that, to some extent, touch upon the influence of concentration effects on the kinetics of the radical polymerisation of vinyl monomers in aqueous solutions. The pioneer of research along these lines was V.V. Kabanov, who, as far back as the 1960s, showed the effect of the initial monomer concentration on the spontaneous polymerisation of vinylpyridine salts and related the concentration effect to the process of monomer association [9] . In subsequent years, similar effects were also recorded for aqueous solutions of the (meth)acrylic monomers examined, and in a number of cases the formation of monomer associates was confirmed. However, the systematisation of available information on this question has not been done hitherto. Therefore, in the present review, published data on the effect of the initial concentration of NMMs on the mechanisms of their radical polymerisation in aqueous solutions are generalised (whether or not the authors attributed this effect to the association of molecules or to any other factors).
AssociAtioN oF NitRoGeN-coNtAiNiNG (Meth)AcRylic MoNoMeRs iN AQueous solutioNs
The principal motive forces of any processes of association of molecules are electrostatic forces, dispersion interactions, and hydrogen bonds [10] . It is natural to expect that water-soluble NMMs containing functional groups capable of strong intermolecular interactions are also capable of association under certain conditions. However, earlier (roughly up to the 1980s) it was believed that in aqueous solutions such interactions are chiefly suppressed by water solvation.
Until recently, direct experimental methods for investigating molecular associates had not been developed. Therefore, to clarify features of the association of organic compounds, features of change in the physical properties of solutions (viscosity, electrical conductivity, refractive index, surface tension, etc.) as a function of concentration were investigated, and spectral methods were also used.
On the basis of such investigations, in the past 20 years a number of studies have been published in which it has been shown that some NMMs whose structure in no way enables them to be classified as classical surfactants nevertheless exhibit in aqueous solutions an appreciable surface activity. This is particularly characteristic of ionogenic monomers -DMAEM [11] [12] [13] , DMAPMA [13] , and their salts. Such a conclusion was reached on the basis of measuring the surface tension of weak aqueous solutions of monomers ( Figure 1) . The surface activity of amino esters, as noted by Shibalovich et al. [11] , changed in the following order: DMAEM > DMAEM-SK > DMAEM-AK > DMAEM-KhK > DMAEM-FK, while the critical micellar concentration (CMC) of the given monomers amounted to 1-8%. A capacity for association is also exhibited by monomeric sulphonic acids -AMPSK and ASSK [14, 15] . On the concentration dependences of their electrical conductivities, even at fairly low concentrations, a number of inflections are clearly scanned, which indicates not only the formation of associates but also their structural rearrangement as the (Figure 2 ). For example, in the case of AMPSK, such critical concentrations amount to about 0.7, 3.0, and 7.5%, which corresponds to 0.034, 0.0145, and 0.363 mol/L [14] . The value of the first of these concentrations is comparable with the CMC of a number of well-known surfactants (for example, the CMC for dodecylpyridine bromide amounts to 1.22 × 10 -2 mol/L). From this it follows that some ionogenic NMMs can be associated extremely intensively even in weak solutions with practically the same concentrations as classical surfactants.
In the investigation of processes of association in solutions of medium and high concentrations, use is often made of viscometry data. On the basis of the study of the viscosity-concentration dependences (VCDs) of DMAEM and DMAPMA solutions in a wide range of concentrations, it was concluded that associates consisting of molecules of monomer and water are formed [12, 16] . It was shown that most stable are complexes of the composition DMAEM. For salts of acid-containing [13, 14] and amine-containing [13, 17, 18] NMMs, at certain concentrations, a sharp increase in the viscosity of solutions is observed on the VCD, which is a characteristic sign of the occurrence in the system of association processes ( Figure 3) . If the scale is enlarged, it can be clearly seen that the dependences comprise broken lines with several inflection points ( Figure 4 ).
It must also be pointed out that the capacity for association of ionogenic NMMs (DMAEM.DMS and AMPSK) in concentrated aqueous solutions was confirmed by data of 1 H and 13 C NMR spectroscopy [13, 14] .
Of the non-ionogenic NMMs, a high propensity for association in aqueous solutions should be exhibited by AA which has three potential centres of hydrogen bond formation. In the study of the copolymerisation of AA and AN, it was concluded that different types of AA associate exist [19] . On the basis of additional boiling point method data, the authors inferred the existence of AA molecules in weak solutions in the form of dimers and trimers, but, with increase in the amide concentration, the formation of polymolecular aggregates is assumed. In reference [20] , on the basis of obtained relationships of electrical conductivity and relative viscosity of weak aqueous solutions of AA (monomer concentration up to 2 M), it was concluded that, at an AA concentration of 0.75-0.8 M, the nature of intermolecular interaction of AA and water changes. Here, in the opinion of the authors, with an AA concentration of about 0.8 M, it is chiefly dimers that are formed in the system, while at higher concentrations the monomer-dimer equilibrium begins to be shifted to the right. Data presented in reference [18] indicate a multimolecular structure of AA associates rather than a dimeric structure -on the VCD Figure 1 . Isotherms of surface tension for aqueous solutions of DMAEM.DMS (1) , DMAPMA.SK (2) , and DMAPMA (3) . Temperature 20°C [13] Figure 2 . Influence of the concentration of monomeric sulphonic acids Na-ASSK (1, 3) and AMPSK (2) on the electrical conductivity (1, 2) and specific viscosity (3) of aqueous solutions. Temperature 20°C [14, 15] Figure 3 . Dependence of the specific viscosity h of aqueous solutions on the concentration c (wt%) of monomers Na-AUK (1), DMAPMA (2), DMAEM.KhK (3), and DMAEM.DMS (4) . T = 25°C [13] of the monomer, as the solution is concentrated, several inflections can be clearly traced (at an AA concentration of about 6, 22, and 32%), which is normally attributed to change in the structure of aggregates.
In the investigation of the dielectric properties of weak aqueous solutions of AA (0-10 mol.%) it was shown that, with increase in the AA concentration in water, there is a reduction in the rotational mobility of the water molecules closest to the amide and an increase in the combined state of the system [21] . On the basis of spectroscopic investigations of aqueous solutions of AA, Pascal et al. [22] conclude that, with increase in the monomer concentration from 0.3 to 3.0 mol/L, the proportion of molecules combined into associates increases little -from 19 to 27%. A propensity for association in aqueous solutions is also exhibited by other (meth)acrylamides: iso-PAA [23] , MAA, MA, and DMAA [22] . For example, the formation of dimers of iso-PAA in aqueous solutions with a concentration up to 0.8 M was recorded using IR spectroscopy and osmometry [23] . The equilibrium constant of dimerisation that was determined by the authors amounted to 1.0 in water and to 3.8 in an aqueous saline solution.
In recent years, to investigate processes of association, increasingly wide use has been made of new experimental methods (analysis of ultrasound absorption spectra, mass spectrometry, X-ray diffraction analysis) and computer modelling. For the aqueous solutions of a number of simple organic compounds (acetone, methanol, formamides), the presence of stable supermolecular formations leading under certain conditions to microheterogeneity of liquids was established [24] . Computer calculations showed that stronger hydrogen bonds are formed between amide molecules than between amide and water, which results in the formation of multimolecular associates at high amide concentrations. For mixtures of water with formamides, in the medium region of compositions, calculations confirmed the presence of regions of microheterogeneous structure. For aqueous solutions of NMMs, such investigations have still not been conducted.
Thus, the data accumulated make it possible to draw a number of conclusions:
• for most water-soluble NMMs, study of the physical properties of their aqueous solutions made it possible to record processes of association in a wide range of concentrations; for ionogenic esters and amides, associates are formed even at concentrations close to the CMC values of classical surfactants;
• in a discussion of the composition of associates, most authors point to the possibility of forming lowmolecular-weight associates (dimers and trimers), although reliable proof of this is currently absent, while experimental data allow other interpretations;
• the nature of change in the physical properties of systems (viscosity, surface tension, etc.) indicates the change in the structure and/or composition of associates as the concentration of solutions increases.
It is evident that the formation of associates can affect reactions of radical polymerisation of monomers by changing their reactivity and local concentration in the reaction zone.
eFFect oF the AssociAtioN oF MoNoMeRs oN the KiNetics oF RAdicAl hoMoPolyMeRisAtioN
In the past decade, for the radical homopolymerisation of higher alkyl (meth)acrylates in bulk or in organic solvents, a series of studies has been conducted under the supervision of G.V. Korolev in which kinetic effects were described that were associated with the formation of monomer associates -"favourable" (acrylic) or "unfavourable" Figure 4 . Dependence of the specific viscosity h of aqueous solutions of DMAEM.SK on concentration c (wt%) (a). T = 25°C; second (b) and third (c) inflection points on a magnified scale [13] (methacrylic) for the occurrence of polymerisation [25] [26] [27] . For the polymerisation in aqueous solutions of (meth)acrylic monomers, systematic investigations of this kind were not conducted until recently, in spite of the recording of individual concentration effects.
It is to the capacity of monomers for association that the authors of references [22] , [23] , and [28] to [30] attribute the anomalies they found in the polymerisation of acrylic acid, AA, and iso-PAA. Thus, in references [28] and [29] , extremal dependences of the growth rate constant k g on the concentration of acrylic acid were recorded [28, 29] . Using the method of pulsed laser polymerisation, it was shown that increase in the AA concentration from 0.3 to 1.4 mol/L leads to a reduction in k g almost by a factor of 2 [30] . With further concentration of the AA solution (to 2.8 mol/L) there is no change in the growth rate constant. In reference [22] , the problem of lower activity in reactions of radical polymerisation of MAA by comparison with AA is touched upon. In the opinion of the present authors, the main reason for this is the lower associating capacity of the methacrylic compound. In the investigation of the radical homopolymerisation of two groups of ionogenic monomers (salts of amine and acid NMMs), pronounced concentration effects were recorded [13] . For example, with the concentration of solutions of DMAEM.KhK and DMAPMA.KhK, a considerable increase was observed in the ratio of constants k g (2fk h /k 0 ) 0.5 ( Figure 5 ).
An abnormal increase in polymerisation rate with increase in concentration was also noted for other ionogenic monomers. Thus, in reference [31] , in a study of the polymerisation of aqueous solutions of AMPSK salts, a break was recorded on the logarithmic dependence of the initial rate of the reaction on the monomer concentration, and two regions of concentrations were distinguished to which different values of the orders of the reaction with respect to the monomer a corresponded. For example, in the polymerisation of the K salt of AMPSK in the 0.08-0.33 M region of monomer concentrations, the value of a amounted to 1.56, while, at a concentration of 0.24-1.22 M, a = 2.2. With increase in the concentration of solutions of the Li salt of AMPSK there was an increase in a from 1.46 to 3.3, and for Na-AMPSK from 1.5 to 3.4. The increase in the order of the reaction in the region of high monomer concentrations that was recorded in experiments is attributed by the authors to an increase in the viscosity of the solution. A similar trend of increase in the formal order of the reaction with respect to the monomer with increase in concentration was noted by the same authors in the polymerisation of Ba, Ca, and Mg salts of AMPSK [32] . Table 2 gives data reflecting the influence of the concentration factor on the order of the reaction with respect to the monomer during the polymerisation of a number of ionogenic vinyl monomers in aqueous solutions. In our view, all these concentration effects are connected with the association of monomer molecules.
Concentrated aqueous solutions of a number of vinyl monomers are characterised not only by the anormally rapid radical reactions noted above but also by a (1) and DMAEM.KhK (2) in the presence of PSK, 50°C [13] capacity for arbitrary (self-initiated) polymerisation. The main feature of this reaction is that it proceeds only in concentrated solutions.
Extensive investigations of the process of spontaneous polymerisation of vinylpyridine salts in concentrated aqueous solutions were conducted in the 1960s and 1970s by two groups of researchers under the supervision of V.A. Kabanov and H. Ringsdorf [9, [35] [36] [37] [38] . It was shown that the rate of this reaction increases sharply at high concentrations. V.A. Kabanov [9] was the first to propose the existence in the given reaction systems of associates ("labile preparations" for polymerisation) in which the vinyl groups of monomers form hydrophobic "interlayers" surrounded by a double layer of hydrated ions. The hypothesis concerning the association of vinylpyridinium salts was also confirmed by studies of the Ringsdorf group [36, 37] .
Spontaneous polymerisation in concentrated aqueous solutions is also characteristic of (meth)acrylic monomers. It is reported [33, [39] [40] [41] [42] that it has a radical nature. The radical nature of the process was recorded in the study of the spontaneous polymerisation of DMAEM.DMS [39] and DMAEM.KhB [42] by the EPR method with the use of 1-oxyl-4-hydroxy-2,2,6,6-tetramethylpiperidine as a radical trap.
In reference [33] , in a study of the influence of the diethylaminoethyl methacrylate hydrochloride concentration on the rate of spontaneous polymerisation, a sharp increase was recorded in the rate of the process at a salt concentration of about 2-2.5 M. Furthermore it was found that, in solutions with an initial concentration of 0.94-1.6 M, the order with respect to the monomer amounts to 1.2, and in the 2.5-3.69 M region of concentrations it increases to 4.7. As can be seen from Figure 6 , in relatively weak solutions, spontaneous polymerisation does not occur, but at a certain critical monomer concentration there is a sharp increase in the rate of the process [13, 14] .
It was shown that non-ionogenic and anionic (meth) acrylamides are polymerised spontaneously only in an acidic medium [14] , and salts of amine-containing (meth) acrylamides in an acidic and a neutral medium [17] , which is consistent with previously published data on the spontaneous polymerisation of AA in the presence of sulphuric, phosphoric, and perchloric acids [41, 43] .
Experiments conducted for a number of acrylamides indicate that the dependence of the rate of the process on the acidity of the medium is extremal in nature [14] . Here, the maximum rate of spontaneous polymerisation of AA and the greatest value of viscosity of the AA solution on the VCD are achieved with similar acidities of the medium. The nature of the acid used for the creation of acidity of the medium is also a significant factor. Thus, the polymerisation of AA does not proceed in the presence of hydrogen halides, while the introduction of sulphuric, formic, and acetic acids leads to the formation of polyacrylamide.
Taking into account the monomer concentrations with which spontaneous polymerisation is observed, it can be concluded that the process proceeds only in solutions with aggregated molecules. For example, it has been shown [14] that, with a concentration of less than 15%, the spontaneous polymerisation of AMPSK does not occur. With such concentrations, according to VCD data, no significant deviation in viscosity from a linear dependence is observed, which indicates the absence of multimolecular associates. Experiments with additions of surfactants provide further confirmation of the fact that spontaneous polymerisation proceeds only in associates -the introduction of surfactants into a weak solution of AMPSK leads to active arbitrary polymerisation of the monomer [14] . The monomer is probably incorporated into the surfactant micelles formed. These experiments indicate that, in weak solutions, in spite of the similarity of the above dependences of the physical properties, the structure and composition of associates of surfactants and NMMs differ strongly, while in concentrated solutions the differences evidently decrease.
In a study of the influence of the structure of the amide group on the process of spontaneous and initiated polymerisation (over ten (meth)acrylamides of different structure were used), it was shown that the influence of the structure of the amide group on the spontaneous process was less pronounced than during polymerisation in less concentrated solutions (in the presence of initiators) [44, 45] . From this it can be concluded that, during polymerisation, the influence of amide substituents in monomer associates is levelled out by the dense "packing" of the molecules and convergence of the vinyl groups.
The strong influence of the nature of the anions on spontaneous polymerisation was traced for DMAEM salts. They are polymerised at the greatest rate in a neutral [42] or acidic [39] medium. In reference [40] it was shown that the polymerisation rate of DMAEM salts obtained by the neutralisation of amino ester by different acids decreases in the order HNO 3 > H 2 SO 4 > H 3 PO 4 > HCl. In reference [46] an investigation was made of the spontaneous polymerisation of quaternary salts based on DMAEM, differing in the structure of the substituent introduced into the amino ester at the nitrogen atom (DMAEM.MKh and DMAEM.BKh) or in the nature of the counterion (DMAEM.DMS and DMAEM.MKh). The polymerisation rates of these compounds differ considerably and change in the order DMAEM.DMS > DMAEM.MKh > DMAEM.BKh. As in the case of (meth) acrylamides, spontaneous polymerisation proceeds only in concentrated solutions, while the nature of the influence of the viscosity of the medium on the polymerisation of DMAEM salts depends on the nature of the acid. Thus, whereas the reaction was accelerated when an acidic medium was created in the DMAEM.DMS solution by introducing sulphuric acid, it was slowed down sharply (although the nature of the VCD did not change in this case) when hydrogen chloride was added. It was also shown that, under the conditions investigated, the spontaneous polymerisation of DMAEM occurs in the presence not only of strong mineral acids but also in weaker, organic acids. Here, in the presence of organic acids, the polymerisation rate of the corresponding tertiary salts was higher than when inorganic acids (besides hydrobromic salt of DMAEM) were used. The addition of electrolytes to solutions of quaternary salts of DMAEM in most cases increased the rate of spontaneous polymerisation.
The low values of the activation energy of spontaneous polymerisation of NMMs must also be noted. For example, the activation energy of the spontaneous polymerisation of AMPSK amounted to 21.7 ± 4.8 kJ/mol ([AMPSK] 0 = 31%, [AMPSK]:[NaOH] = 2:1, T = 30-70°C) [14] , and that of DMAEM.DMS and DMAEM.MKh to 46.0 ± 3.0 and 85.2 ± 0.6 kJ/mol respectively (30-70°C, 70 wt%)) [46] . Low values of the activation energy of processes of spontaneous polymerisation of DMAEM salts were also noted in references [39] , [41] , and [42] .
At present, the question of the mechanism of initiation of spontaneous polymerisation remains debatable. In references [14] and [46] , on the basis of the generalisation of different aspects of the process, the mechanism of initiation of the spontaneous polymerisation of NMMs was proposed, taking into account that the process proceeds in a medium of associated molecules. With account taken of the found low values of the activation energy of the process, characteristic of redox initiation, and of the fact that polymerisation proceeds only in the presence of anions (and depends considerably on their nature), the authors put forward a hypothesis concerning the redox initiation of spontaneous polymerisation, which proceeds by the interaction of anions and associated monomer molecules free of solvation interactions. This assumption is borne out by experiments with the addition to concentrated solutions of DMAEM and AMPSK salts of a small amount of strong reducing agent -sodium metabisulphate. Here, in all cases there was a sharp increase in the rate of spontaneous polmerisation [46, 47] . In monomeric associates, the active radical particles formed in small quantities have favourable conditions for interaction with monomers and subsequent chain growth. A consequence of this should be high values of the constant of growth, low values of the constant of rupture, and, as a result, high molecular weights of the polymers. In fact, AMPSK and DMAEM.DMS homopolymers produced by spontaneous polymerisation had a very high MW (up to 30 × 10 6 ) [14, 39] .
Generalising the data presented, it is possible to distinguish two main manifestations of the effect of monomer association on the homopolymerisation of NMMs in water:
• sharp increase in the rate of the process in concentrated solutions;
• spontaneous initiation of radical polymerisation when the monomer concentrations rise above a certain level (a number of other conditions being observed).
PRocesses oF coPolyMeRisAtioN oF ioNoGeNic ANd NoN-ioNoGeNic NitRoGeNcoNtAiNiNG (Meth)AcRylic MoNoMeRs iN AQueous solutioNs
Among polymer pairs consisting of ionogenic and nonionogenic NMMs, the concentration effects for systems containing monomers with ammonium and sulphonic acid groups have been studied most (probably in view of the practical prospects of using such polymers and the very pronounced effect of the initial monomer concentration in many cases). Here, in recent decades the indicated systems have most often be treated as "special", not obeying the classical Mayo-Lewis scheme of copolymerisation.
Thus, in a number of studies it is pointed out [48] [49] [50] that copolymerisation in water with the participation of NMMs (especially ionogenic NMMs) cannot be described by traditional fixed values of r 1 and r 2 , as in many cases the relative activities of the comonomers depend on the composition of the initial mixture, the pH, the temperature, and the monomer conversion. In a study of the copolymerisation of AA and DMAEM.SK [51] , AA and vinylsulphonic acid [52] , and DMAPMA and methacrylic acid [53] it was shown that the values of r 1 and r 2 change considerably as the process proceeds. Variation of the pH during the copolymerisation of AA with acrylic or methacrylic acids also led to a change in the relative activities of the comonomers [6] .
In the opinion of the authors of monographs [49] and [54] , the main reason for inconstancy of the copolymerisation "constants" when ionogenic monomers are used in the reaction is the non-isoionic nature of the process, which is due to the fact that, in the course of copolymerisation, there is a change in the ionic strength and pH (on account of the different dissipation of the monomer and polymer salts), as a result of which there is a continual change in the rate constants of chain growth and rupture. Therefore, to describe the polymerisation of such monomers, a more complex (compared with the classical) scheme must be used that takes into account the set of labile ionisation states of the ionogenic groups in the monomer and polymer. On this basis, the authors of references [49] and [54] conclude that the relative activities of the monomers cannot be constant and are essentially apparent characteristics of the process.
It was shown that the addition of inorganic salts to monomer solutions leads to an increase in the overall rate of the process and to enrichment of the copolymers with ionogenic monomer units. Studies of the copolymerisation of AA with different salts of AMPSK [50, [55] [56] [57] [58] , sodium methacrylate [9] , and sodium 3-acrylamido-3-methylbutanoate [59] serve as an illustration of this. In reference [50] , for the Na-AMPSK-AA system, the dependence of the initial rate of the process on the concentration of the external electrolyte (NaCl), which has the form of a curve with saturation, was obtained. It is assumed that, with high ionic strength values, the screening by counterions of fixed polyion charges approaches the limit, stabilising the size of the macromolecular coils. This promotes equalisation of the accessibility of the ionogenic monomer in relation to active centres and stabilises the reactivity of reacting particles. As a result, with high values of the ionic strength, the initial rate of the process ceases to change. These facts must be taken into account when assessing the concentration effects, as, with increase in the concentration of the ionogenic polymer, the ionic strength of the solutions inevitably increases.
The concentration effects have been examined in fair detail for systems based on AMPSK salts. Thus, in reference [50] , in a study of the copolymerisation of Na-AMPSK with AA, it was shown that, with increase in the initial monomer concentration, there is an increase in the rate of the process and enrichment of the copolymer with sulphonic acid units. It must be pointed out that the dependence of the initial rate on the Na-AMPSK concentration that was given by the authors has an inflection and two regions of monomer concentrations that are characterised by different values of the order of the reaction a with respect to the monomer salt (a = 0.82 in the 1.0-1.3 m/L region of monomer concentrations, and 1.81 in the 1.3-2.0 m/L region). A similar trend of increase in the order of the reaction with respect to the ionogenic monomer with increase in the initial concentration was noted by the same group of authors during the copolymerisation of AA with Li and K [55] , Mg [56] , and Ca and Sr salts of AMPSK [57] . High total orders of the reaction with respect to monomers (6.8-11.7) were also recorded during investigation of the copolymerisation of K salts of AMPSK and ASSK with AA in aqueous solutions (20% solutions of monomers were used) [34] . The abnormally high orders found are attributed by the authors of the work to the formation by the monomers of complexes with charge transfer. An extremal dependence of the rate of the reaction on the overall initial concentration and on the monomer ratio in the initial blend was observed during the copolymerisation of Na-AMPSK with N-vinylpyrrolidone [60] . Such a nature of the dependence of the rate on the composition and concentration of monomers indicates, in the opinion of the authors, the donor-acceptor nature of interaction of Na-AMPSK with N-vinylpyrrolidone.
Strong concentration effects were recorded in reference [13] in a study of processes of copolymerisation of Na-AMPSK with AA and AN. It was shown that increase in the total initial monomer concentration leads to a sharp increase in the proportion of ionogenic units in the copolymer -with 10-15% conversion, this increase reaches 15% for the pair Na-AMPSK-AN (the total monomer concentration changed from 1.0 to 3.0 M) and 40-50% for the pair Na-AMPSK-AA (the total monomer concentration was varied from 0.5 to 1.5 M) (see Figures 7 and 8) . One of the factors of the differences observed in the behaviour of systems with the participation of AA and AN is probably the different nature of monomer association. In contrast to AA, relatively hydrophobic AN in the region of its water solubility does not exhibit any tendency towards individual multimolecular association -the concentration dependence of the specific viscosity of its solutions is linear [18] . Thus, whereas in the Na-AMPSK-AA system two well-associated monomers are copolymerised, in the Na-AMPSK-AN system the first monomer is actively associated and the second can only be drawn into hydrophobic regions of a "foreign" associate and probably "loosen" it. This is confirmed by 1 H NMR spectroscopy data: the introduction of AN into a concentrated Na-AMPSK solution (i.e. under conditions of association of the monomer salt) causes a considerable reduction in the half-width of the signals of protons of Na-AMPSK molecules [61] .
The important role of monomer association in binary systems also indicates the nature of spontaneous polymerisation in the combined presence of AMPSK with non-ionogenic monomers [61] . In an aqueous solution of Na-AMPSK and AA, at a temperature of 50°C, arbitrary copolymerisation proceeds at an appreciable rate with an overall monomer concentration exceeding 1.2 M (i.e. similarly to individual solutions of Na-AMPSK [47] ). Here, increase in the concentration of the monomer solution leads to a very sharp change in the general composition of products: whereas AA units predominate in the polymer at the initial stages of the process with an initial concentration of 1.5 M, with an initial concentration of 2.5 M the content of AA units is 2-3 times lower than in the initial monomer blend. Thus, as in the case of initiated copolymerisation, with increase in the initial monomer concentration, a clear trend of enrichment of the copolymer with sulphonic acid units is observed. Spontaneous copolymerisation in the AMPSK-AN system begins to proceed only with an overall monomer concentration exceeding 2.0 M, and only with a considerable (at least fivefold) excess of ionogenic monomer in relation to the AN, which confirms the unfavourable effect of AN on the association of AMPSK molecules.
In an investigation of the copolymerisation of cationic NMMs with non-ionogenic monomers, a strong dependence of the composition of the copolymers on the initial concentration was again noted. In reference [18] it was shown that an initially formed copolymer of DMAEM-SK and AA was enriched with ionogenic units, and here, with increase in the initial monomer concentration from 1.2 to 3.5 M, the content of amide units in the copolymers increases by more than 10%. Furthermore, in spite of the clearly differing activity of the comonomers, in all experiments prolonged initial sections are observed, characterised by a constant composition of the copolymers with increase in the degree of transformation (the length of these sections depends on the degree of initial enrichment of the copolymer by amino ester units). A different picture is observed during the copolymerisation of DMAEM.SK with AN: the copolymer is also enriched with units of amino ester salt, but with most comonomer ratios (in experiments with an initial molar fraction of nitrile of over 10%) the composition of the product changes constantly with increase in conversion. Furthermore, whereas during the copolymerisation of DMAEM.SK with AA an increase in the initial monomer concentration leads to a reduction in the proportion of amino ester units, the enrichment of the product with units of ionogenic monomer occurs during the copolymerisation of DMAEM.SK with AN.
When salts of DMAEM are replaced with their acrylamide analogues (DMAPMA salts), on concentration of the initial monomer solutions, the product is enriched with ionogenic units during copolymerisation in the DMAPMA.SK-AA system [13] .
Data on the constancy of the composition of the copolymer (right up to extensive degrees of transformation), recorded in reference [18] , were also obtained in a number of other studies of the copolymerisation of AA with DMAEM.SK [51] , sodium vinylsulphonate [52] , and N-vinylpyrrolidone [48] . Here, the content of AA units in the AA-DMAEM.SK copolymer, with all compositions of the monomer blends, was roughly half the content in the initial monomer blend, for an AA-sodium vinylsulphonate pair it is roughly 3 times greater, and during the polymerisation of AA with vinylpyrrolidone it is 1.2 times greater. To explain the effects found, the authors suggested [48] that the compositions of the copolymerising monomer blend within the active zone of polymerisation (in a polymer coil) and outside the zone are different, and here, in the active zone, a constant ratio is maintained between the concentrations of the monomers. A similar explanation was put forward in reference [60] to explain the constancy of the composition of the copolymer as a function of the conversion, recorded by the authors during the copolymerisation of Na-AMPSK with N-vinylpyrrolidone.
It is well known [3] that the hydrophobic nature of the main polymer chain of water-soluble polymers leads to the emergence in aqueous solutions of different associates in the form of micelles consisting of a hydrophobic nucleus and a hydrophilic outer part. The authors of references [48] , [51] , and [52] suggest that the composition of the copolymers (at the initial stage of the reaction) is determined by the relative reactivities of the monomers, i.e. by the copolymerisation constants. During the copolymerisation in an aqueous solution of monomers possessing a different degree of hydrophobicity, depending on the composition of the copolymer, a particular type of macromolecular associate is formed, which is also determined by the introduction into it of certain quantities of comonomers. For example, the more hydrophobic DMAEM-SK should enter the core of polymer associates more readily than AA, and therefore its local concentration close to the active centre is higher than in the initial monomer blend. In the case of monomers with similar hydrophobicity (AA-vinylpyrrolidone), the composition of the monomer blend in a polymer coil differs little from the average bulk composition of the blend.
The hypothesis proposed by the authors of references [48] , [51] , and [52] concerning the hydrophobic interactions of monomers and polymer chains has something in common with the known model of copolymerisation that takes into account the selective solvation of macroradicals by monomers (the socalled 'bootstrap' model) [62] . The indicated model essentially consists in a solvate shell of the macroradical being formed on the basis of the principle of greatest thermodynamic affinity between them and the shell (which can be formed by molecules of one of the monomers or solvent). For numerous cases it has been shown that, during the copolymerisation of monomers in bulk or in the presence of small quantities of organic solvent, change in the hydrophobicity of polymer chains by varying their average molecular weight can have a marked effect on the composition of the copolymer (see, for example, reference [63] ). It must be noted, however, that, to describe polymerisation in water, the 'bootstrap' model is not normally used.
The model proposed by A.R. Khokhlov et al. of conformation-dependent control of the distribution of units in the copolymer (CDSD), originally developed theoretically (using computer modelling) and then experimentally confirmed in a number of studies [64] , can be considered to be a related 'bootstrap' model. It is based on the fact that, during radical copolymerisation in aqueous solutions, on achievement of a sufficiently high molecular weight, the macroradical forms a polymer globule whose core constitutes hydrophobic units, while hydrophilic units form an outer shell. The core of the globule selectively adsorbs hydrophobic monomers, while hydrophilic reactants are concentrated on the outside of the globule. Depending on the part of the globule (inside or outside) in which the active centre of the macroradical is located, the composition of the corresponding segment of the polymer will be enriched with units of one of the monomers.
To assess the complex influence of factors of monomer and polymer association, in references [13] and [18] , series of experiments were carried out in which the concentrations of monomers and initiator were varied (to change the average molecular weight of the macroradicals formed). It was shown that the influence of the initiator concentration on the composition of the products for the Na-AMPSK-AN pair is particularly marked in the region of increased initial concentrations of monomers (i.e. in the formation of pre-reaction monomer associates); on dilution, the "initiator factor" degenerates. In the Na-AMPSK-AA pair, on the other hand, the influence of the amount of initiator on the composition of the copolymer is more pronounced in weak solutions and is expressed in the sudden enrichment of the copolymer with AA units on increase in the molecular weight ( Figure 9) [13].
The reason for this probably lies in the aboveexamined different nature of monomer association in the given systems. With reduction in the initiator concentration in the SMAEM.SK-AN system there is an increase in AN units in the copolymer, and here a reduction in the initial monomer concentration leads to weakening of this effect. Reduction in the initiator concentration in the DMAEM.SK-AA system, on the other hand, leads to the enrichment of the copolymers with units of amino ester salt [18] .
In reference [13] it was shown that, for the DMAPMA. SK-AA pair, the initial initiator concentration affects the composition of the copolymers only in concentrated monomer solutions, and here, on its reduction, the product is enriched with AA units. In the DMAPMA. SK-AN system, this influence is marked both in weak and in concentrated solutions (however, in the former case, the effect is most pronounced only at the initial stages of the process with conversions of up to 20%), and, with reduction in the initiator concentration, the copolymer is enriched with nitrile units. Thus, for various systems, with change in the initial concentrations of comonomers, enrichment of the copolymers both with ionogenic and with nonionogenic units, both with more hydrophobic and with more hydrophilic units, was recorded; constancy of the composition of the copolymers with increase in the conversion is observed only in some systems. In this connection, the results obtained cannot be satisfactorily explained using any of the models developed in recent decades that are associated with allowance for the electrostatic interactions of ionogenic monomers with macroradicals and with the ability of hydrophobic monomers selectively to solvate the growing macroradicals or to be introduced into the core of the "core-shell"-type globules formed by the macroradicals. The volume of the data obtained makes it possible to conclude that an additional important factor affecting the radical copolymerisation in ionogenic NMM-non-ionogenic NMM pairs in aqueous solutions is the prepolymerisation association of monomers. The multidirectionality of action of this and of the aboveenumerated factors is a reason for the multivariant nature of the influence of the initial concentration of monomers and initiators on the composition of the copolymers.
Account must be taken not only of the possibility of formation but also of the structure of the monomer associates. In particular, it can be assumed that ionogenic esters (DMAEM salts), ionogenic amides (AMPSK and DMAPMA salts), and non-ionogenic amides, having different main motive forces of intermolecular noncovalent interactions, form different types of associate. In binary systems, monomers with different types of association should be more prone to "individual" aggregation. Here, the amide associates bound by a system of hydrogen bonds, especially those reinforced by electrostatic interactions, should be more crosslinked and promote greater acceleration of polymerisation.
Under conditions of a different influence of the initial concentrations on the degree of association of the comonomers (and with account taken of the greater polymerisation rate in associates), sharp concentration effects appear. Table 3 presents generalised data on the influence of monomer associates on the composition of the copolymers formed (systems for which concentration effects can be clearly traced were used). The results are distributed with account take of the different types of association of the comonomers.
coNclusioNs
As can be seen from the data presented, the association of NMMs in aqueous solutions has been recorded both in concentrated and in weak solutions. With increase in the monomer concentration, enlargement of associates probably occurs, which leads to a marked increase in the polymerisation rate and becomes one of the main causes of spontaneous polymerisation. It has been established that, in the case of the copolymerisation of NMMs, the association of the monomers can cause changes in the composition of the product, often very considerable changes. Published data indicate that, by varying the initial concentration of comonomers, it is possible actively to control the composition of the copolymers by varying the initial concentration of the comonomers. However, at present there is no possibility of quantitative prediction of the influence of concentration effects on the composition of polymeric products. This is connected with the fact that the compositions and structures of the individual and binary monomer associates formed in aqueous solutions of different NMM concentration have not been established. Consequently, a more extensive study of monomer association and its influence on the kinetics of polymerisation and the characteristics of the polymer products formed is needed. 
